Background {#Sec1}
==========

Nepal is a developing country situated in South Asia with an area of 1,47,181 km^2^ and an estimated population of 28.4 million. Children below 14 years of age comprise 34.6% of the population \[[@CR1]\]. Per capita gross national income is US dollars (\$) 743 in absolute terms (\$2500 in terms of purchasing power parity (PPP) \[[@CR2]\]. The difficult terrain limits access to healthcare facilities. Healthcare delivery system comprises of primary and preventive care provided through health posts and primary health care centers, secondary level of care provided at district and zonal hospitals and tertiary level care provided through hospitals in major cities. According to the Nepal multiple indicator cluster survey 2014 the neonatal mortality rate was 23 and the under-five year's mortality was 38 per thousand live births. The same study revealed that 37.4% of the children below five years of age were stunted, 11.3% wasted and 30.1% were underweight \[[@CR3]\].

Geologically, Nepal lies over the fault line of the Indian and Eurasian plates and is an earthquake prone zone. Geographically the northern part of the country consists of the Himalayas including Mount Everest and the lesser Himalayas whereas the southern part of the country consists of the plains of the Terai. For administrative purposes, the country has been divided into 75 districts. The epicenter of the Gorkha earthquake, that hit the region on 25th April 2015 with a magnitude of 7.8, was nearly in the center of Nepal, 77 Kilometers northwest of the capital city of Kathmandu. The earthquake and its aftershocks affected thirty-nine districts. Fourteen districts, including the capital Kathmandu, were classified as the *most affected*. The earthquake caused 8856 deaths and injured 22,309 people. Sindhupalchowk was the worst hit district with 3532 reported deaths and 100% of houses damaged followed by Kathmandu where the death toll stood at 1226 and 7952 were injured \[[@CR4]\]. For all the affected districts, Kathmandu is the major hub in terms of trade, transportation, administrative works and health care. Kanti Children's Hospital, located in Kathmandu is the only government run tertiary care general hospital for children less than 14 years of age in the whole country and thus is an ideal site for studying disease and inpatient admission pattern among children during the post rescue phase of the earthquake.

Data from a study conducted at a pediatric field-based hospital following the Haiti earthquake found that while 93 % of inpatients on the ninth day after the quake were surgical, eight weeks later, 71 % of the inpatients had medical illnesses \[[@CR5]\]. Hung et al. in their study in rural China following the Sichuan earthquake pointed out the possibility of exacerbation of pre-existing chronic illnesses in the community following disasters \[[@CR6]\]. Most articles studying the effect of earthquake on children's health had examined the immediate consequences and focused on trauma events \[[@CR7]--[@CR11]\]. Articles in the literature that specifically deal with medical illnesses among children during the recovery phase of an earthquake were scarce. We thus set out to conduct this study with the objectives of examining:Differences, if any, in inpatient admission pattern among children from earthquake affected families and unaffected familiesDifferences, if any, in inpatient pattern among children from earthquake affected and unaffected districts.

Methods {#Sec2}
=======

All patients admitted to the general pediatrics department, with non-traumatic or non-surgical illnesses, beginning from the fourth week (twenty-second day) till the end of the eighteenth week (one hundred and twenty-sixth day) after the earthquake on 25th April 2015 were included in the study (16th May to 28th August 2015). Study approval and ethical clearance was obtained from the institutional review committee of Kanti Children's Hospital and verbal consent was obtained from the guardian of the child prior to data collection. Data on demographics and effects of the earthquake on the child's family was obtained by interviewing the patient's guardian and clinical data was obtained from the patient's case record.

Kanti Children's hospital is a 320 bedded children's tertiary care general hospital which gets referred patients below 14 years of age from all over the country and also caters to patients arriving directly without referral. The services include out-patient, emergency, general pediatrics, pediatric surgery, neonatal and pediatric intensive care, immunization and other preventive services. It has a free ward with 50 beds dedicated to poor patients. Some of the patients in this ward get the necessary investigations and certain medicines free from the hospital supply but medicines mostly have to be purchased from the hospital or outside pharmacies by the patients' families. Critically ill patients may be directly transferred to intensive care units from emergency or observation wards. For patients in the general ward there is no designated residential facility for guardians other than the one staying with the patient in the ward.

Data from individual patients was collected using a proforma (Additional file [1](#MOESM1){ref-type="media"}: Proforma_EEPIP) designed for this purpose, which included demographic details, the presence of and degree of damage to the house and its consequences including displacement to temporary shelter, death or injury to parents or other family members, diagnosis, duration of hospital stay and requirement for critical care (transfer to Intermediate dependency or Intensive Care Units).

For analysis, the effect of the earthquake on the patient and family was studied using two frameworks. These frameworks were developed by the authors following discussions and a review of the scientific literature. The first classification framework was the impact of earthquake on the family and/or house. The impact was divided into two categories: first, *substantially affected* category - defined as at least one parent injured or dead or the family displaced to temporary shelter due to complete damage to the house and second, *no or minor effect* category - defined as no physical harm to parents and either no damage to house or house damaged but the family continued to live in the same house or some other house but not in temporary shelter. The second classification framework was whether or not the place of residence of the patient was located in *the affected districts* as per the government's classification \[[@CR4]\]. The 'most affected districts were classified as *'affected districts',* all other districts including less affected ones were classified as *'non-affected districts'*. The groups within these classification frameworks were examined for any difference in the occurrence of disease conditions or disease presentation. To examine the change in disease pattern with time, the total fifteen weeks duration of the study was divided into three parts of five weeks each.

Data analysis was performed using IBM statistical package for social sciences (SPSS) version 22 for Windows. Demographic and clinical variables were compared separately between the groups within each classification framework. Continuous variables were compared using student's *t*-test, and categorical variables were compared using chi square test. A *p*-value \< 0.05 was considered statistically significant.

Results {#Sec3}
=======

A total of 1057 children were admitted in general pediatrics department during the study period. Among these 7 children had at least one of their parents dead while 23 children (2.2%) had at least one of their parents injured due to the earthquake. Because of complete damage to their house, 326 children (30.8%) were living in temporary shelters; 327 (30.9%) were in the 'substantially affected' group and the remaining 730 (69.1%) were in the 'no or minor effect' group. Based on district of residence, 586 (55.5%) belonged to 'affected districts' and 470 (45.5%) belonged to non-affected districts. On combining the variables, district of residence and the effect on the family, 53.1% of children from 'affected districts' were in the 'substantially affected' group, while the figure was 3.2% for children from non-affected districts.

Table [1](#Tab1){ref-type="table"} show the demographic and baseline characteristics of the patients in different groups. Mean walking distance from the home to the nearest bus stop and mean duration of symptoms were significantly higher among patients from non-affected districts. Significantly higher proportion of patients from affected districts and from substantially affected families were admitted to the free ward. Significantly higher proportion of patients from substantially affected families required some form of critical care compared to families with minor or no effect (12.54 vs 7.51%, *p* = 0.014).Table 1Demographic and baseline characteristics of admitted children (*n* = 1057)Based on district of residence\*Based on direct effects on family/houseCharacteristicsNon-affected districts (*n* = 470)Affected districts (*n* = 586)*p*-valueNot substantially affected (*n* = 730)Substantially affected (*n* = 327)*p*-valueMean age in months (sd)48.4 (49.53)52.27 (50.39)0.21248.38 (49.19)55.45 (51.53)0.034Gender (percentage of male patients)68.957.8\< 0.00166.7154.13\< 0.001Mean weight in kg (sd)14.10 (9.73)15.54 (10.54)0.02214.37 (9.99)16.09 (10.58)0.073Mean walking distance in minutes from nearest bus stop (sd)100.76 (435.08)43.05 (249.45)0.00774.13 (353.31)56.84 (328.48)0.453Mean duration of symptoms in days (sd) *n* = 990\*\*10.64 (12.38) (*n* = 434)7.40 (9.44) (*n* = 556)\< 0.0019.13 (11.99) (*n* = 685)8.13 (10.79) (*n* = 305)0.186Admissions in free ward out of all general ward admissions (%) *n* = 963\*\*\*51.7 (*n* = 532)60 (*n* = 431)0.01151.56 (*n* = 678)67.5 (*n* = 286)\< 0.001Requirement for critical care (percent)9.369.220.9357.8112.540.014\*one patient's district of residence data was missing\*\*patients with onset of symptoms prior to the earthquake were excluded\*\*\*remaining patients were directly admitted to wards with some level of critical care

Pneumonia (isolated or with predisposing condition) was the most common diagnosis (22.3%) and was in significantly higher proportion among patients from affected districts compared to those from non-affected districts (26.6 vs 17%). However, the difference was not significant among patients from substantially affected and not affected families \[Table [2](#Tab2){ref-type="table"}\]. Occurrence of acute or poststreptococcal glomerulonephritis (AGN/PSGN), acute gastroenteritis, respiratory infections (including pneumonia) and other infective conditions was significantly higher whereas that of sepsis, fever with no identified focus and anemia were significantly lower among patients from affected districts compared to non-affected districts. On comparison between patients from substantially affected families and not affected ones, acute gastroenteritis and infective conditions (all cases with proven or presumed infectious etiology) were in significantly higher proportion whereas fever with no identified focus and anemia were in significantly lower proportion in the former group.Table 2Occurrence of diseases (percentage) among admitted children (*n* = 1057)Based on district of residence\*Based on direct effects on family/houseDisease/conditionNot affected districts (*n* = 470)Affected districts (*n* = 586)*p*-valueNot substantially affected (*n* = 730)Substantially affected (*n* = 327)*p*-valuePneumonia1726.6\< 0.00120.825.70.079Sepsis18.113.30.03316.413.10.171Fever without a focus4.891.710.0033.971.220.018AGN/PSGN1.14.30.0022.24.30.059A/c Gastroenteritis0.92.60.03813.70.002Anemia40.90.0013.00.60.015Infective conditions\*55.767.9\< 0.00161.364.60.047Respiratory Infections23.033.8\< 0.00128.130.90.353GI Infections7.29.70.1517.5110.063\*compared after cases were categorized as infective, non-infective and fever without a focus

Urinary tract Infection, bronchiolitis, tuberculosis (pulmonary and extrapulmonary), pleural effusion, protein energy malnutrition/failure to thrive, nephrotic syndrome, meningitis or meningoencephalitis, epilepsy or seizure disorders (febrile seizure not included), leukemia/malignancies, enteric fever, infective hepatitis and congenital heart disease (with or without complications) were not significantly different either between children from the affected and not affected districts or between substantially affected and not substantially affected families.

The proportion of patients with AGN/PSGN increased in each successive five week category. The rise was statistically significant among patients from affected districts (compared to non-affected districts) as well as those from substantially affected families (compared to families not substantially affected) \[Table [3](#Tab3){ref-type="table"}\].Table 3Percentage of acute glomerulonephritis/poststreptococcal glomerulonephritis over successive five-week intervals of the studyPercentage of AGN/PSGN*P* value\
*(Chi-Square test)*4--8 weeks9--13 weeks14--18 weeksBelonging to affected districtYes (*n* = 586)1.42.46.20.035No (*n* = 470)0.00.91.70.337Direct effect of earthquakeSubstantial (*n* = 327)0.93.07.10.044Not substantial (*n* = 730)0.71.23.20.11Total (*n* = 1057)0.81.74.30.009Chi square test for trend was used for percentage comparisons across the different time intervals

Discussion {#Sec4}
==========

We found infectious diseases to be significantly higher among children from affected districts and affected families. Pneumonia was the most common diagnosis, seen in higher proportion among children from affected districts. Pneumonia and respiratory infections were also common in other studies reported in the literature. Following the 2009 Sumatra quake, the Singapore armed forces medical team recorded that up to 47% of the patients in their mobile clinic had pneumonia or upper respiratory tract infection (URTI) \[[@CR12]\]. Among outpatients in a permanent primary care facility in Kaghan, Pakistan following the 2005 earthquake, viral URTI was found to be the most common illness accounting for 23 % of all cases \[[@CR13]\]. In a survey one year following the Nepal earthquake, children from affected districts reported suffering from respiratory infections and diarrhea more often compared to before the earthquake \[[@CR14]\].

Diarrheal diseases accounted for more than 40% of deaths in camps during the acute phase of an emergency, with over 80% of these deaths occurring among children less than two years old \[[@CR15]\]. In our study, acute gastroenteritis requiring admission was seen in higher proportion among children from affected districts as well as affected families, but the total number of cases was less. This is because most cases of diarrheal illnesses were treated in the observation ward and discharged after stabilization without being admitted. Another factor to be considered is that patients from non-affected districts, which are more distant, may not travel to Kathmandu for self-limiting or short-term illnesses. This factor might have influenced the frequency of other diseases in our analysis of patients from affected and non-affected districts.

Risk of epidemics of infectious diseases following earthquakes has been mentioned with suggestions for investing in sanitation, hygiene and vaccination \[[@CR16]\]. Outbreaks of diarrhea, cholera, hepatitis E, ARI, influenza, measles, meningitis and tetanus have been reported following major earthquakes during the last decade \[[@CR17]\].

The World Health Organization (WHO) estimated that about 2.8 million people were displaced following the Nepal earthquake and warned of possible outbreaks of water-borne diseases, vector-borne diseases and acute respiratory infections. The organization also warned of worsening of child nutrition status \[[@CR18]\]. Fortunately, there has been no major disease outbreak reported in the earthquake affected districts in the months following the earthquake. Our study also did not find a significant rise in many of the diseases reported to have been in epidemic proportions in other disasters or anticipated to be a possible epidemic in this disaster such as measles, malnutrition, cholera, enteric fever etc. The present study was a hospital-based one and population-based assessments would be needed to study the incidence of illness following the earthquake.

Many public health measures had been undertaken at the community level by different agencies including government primary health institutions, but very few of these have been documented and published. The published activities range from distribution of sanitation hygiene kits to administration of 18,000 doses of cholera vaccine \[[@CR19], [@CR20]\]. According to a report by the United National International Children's Emergency Fund (UNICEF), in some areas children were immunized against measles, polio and rubella; they were screened for acute malnutrition and 82,000 families received family hygiene kits \[[@CR21]\].

Children from affected families may have more severe illness at presentation possibly because the impact of the earthquake on the family/care givers and/or diverted attention of the family toward the task of finding shelter and basic necessities. Burnweit et al. mentioned in their article that by the eighth week following the earthquake, one third of the admissions in their field based pediatric hospital required critical care \[[@CR5]\]. Dulski et al. found that among non-injured patients following an earthquake, admission to neonatal or pediatric intensive care unit (NICU/PICU) is a significant predictor of death \[[@CR22]\]. Sudden increase in patients requiring critical care in resource limited settings, necessitates allocation of resources according to distributive-justice principle (community centered approach) rather than autonomy based principle (patient centered approach) where subjective considerations like family wishes and values are replaced with objective considerations like prognostic criteria as pointed out by Ytzhak et al. \[[@CR23]\]. This approach aims to provide treatment to maximum number of patients with expected good outcome by use of minimum resources for relatively shorter period of time.

One interesting observation in our study is the sequential rise in the proportion of acute glomerulonephritis in successive weeks following the earthquake. The most plausible explanation for this temporal rise in AGN cases would be that children were more likely to have streptococcal infection, most likely that of the throat, following earthquakes and similar disasters, this infection rises in incidence with passage of time and AGN develops in those children infected with nephritogenic strains. We did not find any similar study with this finding, and this could be examined in future studies.

Strengths and limitations {#Sec5}
-------------------------

Our study presents data from a fixed tertiary care children's hospital located in the center of the earthquake affected region in the capital of Nepal. Data on medical illnesses during the recovery phase of an earthquake is also presented. Such data is limited in the literature. We considered the diagnosis at admission for analysis due to logistic and resource considerations, but the final diagnosis would have been a better variable.

Another weakness of the study is due to geographic proximity of Kathmandu to the affected districts. The non-affected districts were located at a greater distance from Kathmandu thus children with non-serious illnesses and illnesses of short duration such as gastroenteritis were less likely to travel to Kathmandu for treatment. This could have affected the comparison of disease pattern among affected and non-affected districts. The less affected or not affected districts which lie farther from Kathmandu are relatively remote and the road network is less developed. Thus the place of residence for patients from non-affected districts may be farther from the nearest bus stop compared to those from affected districts. Patients from non-affected districts presented significantly later than those from affected districts after onset of disease symptoms. Geographical proximity to Kathmandu and Kanti Children's Hospital for patients from affected districts might have contributed to this difference.

Our study deals with admitted patients in a tertiary care hospital, many children affected by diseases might have received primary health care in the community itself. However, some children may not have been able to access care at all. Thus our study does not reveal the total post-earthquake disease epidemiology in the community.

Conclusion {#Sec6}
==========

The effect of an earthquake in terms of health hazards is not limited to direct trauma or the risk of epidemics, but can affect the whole community for a prolonged period. The pattern of certain diseases among children from substantially affected families was different from those not substantially affected and the former group of children required critical care more often. Certain diseases were significantly higher among children from affected districts. The proportion of AGN/PSGN among admitted patients from affected districts and from substantially affected families increased during the three successive time periods. The limitations of the study mentioned previously could limit the generalizability of the study conclusions.

We recommend further studies examining the effect of earthquake on medical illnesses among both admitted and non-admitted children, for an extended duration following an earthquake. Based on our results we recommend improved planning and preparedness for dealing with medical illnesses that may arise during the recovery phase of disasters especially among children.
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Additional file 1:Proforma: Effect of Earthquake on Pediatric Inpatient Pattern. Data collection instrument. (DOCX 12 kb)
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